Abstract Birds undergo pronounced physiological changes during the reproduction, which may be linked to their parental efforts. Examining these changes may supply information about the birds' energy expenditure during the particular phases of breeding and help to understand birds' decisions about their subsequent parental investments. In this study, we measured a number of variables, i.e. body mass (scaled mass index, SMI), baseline corticosterone (CORT) and prolactin (PRL) concentrations and leucocyte profile [basically heterophils-to-lymphocytes (H/L) ratio], during the prelaying, incubation and chick rearing periods in 191 little auks (Alle alle), small Arctic seabirds. We expected the changes in the physiological variables to reflect the energy demands, i.e. the highest levels during chick rearing, moderate ones during incubation and the lowest ones prior to egg laying. Unexpectedly, we found SMI to be the highest during the incubation period, whereas lower and similar to each other values were recorded during the prelaying and chick rearing periods. Also, CORT unexpectedly peaked in the prelaying period, declined during incubation and remained at the incubation level during the chick rearing period. In accordance with our expectations, the PRL concentration was five times higher during the incubation than the chick rearing period and H/L ratio followed the pattern of the CORT changes. Consequently, there is no straightforward interpretation of the observed patterns of changes. Evidently, there are factors other than parental efforts per se that account for the dynamics of physiological changes. We found no sex differences in any of the variables investigated, which indicates that male and female parental investments are very similar.
Introduction
Reproduction is believed to be one of the most demanding stages of the avian annual cycle (Drent and Daan 1980; Walsberg 1983) , one that is associated with pronounced physiological changes. The parents need to acquire energy and nutrients to satisfy the immediate demands of reproduction such as territory defence, courtship, incubation and chick rearing. These efforts may influence the birds' body condition, particularly when demands are increased in some way, either experimentally or as a result of deteriorating environmental conditions (Nur 1984; Hõrak et al. 1998; Kitaysky et al. 1999; Velando and Alonso-Alvarez 2003; Norte et al. 2009; Harding et al. 2011) . Despite this, however, breeding adults undergo modifications in body condition related to reproductive physiology per se. Concentrations of various hormones change distinctly during the breeding period; this is associated with particular reproductive activities (e.g. Lormée et al. 2003; Williams 2005; Williams et al. 2008; Riou et al. 2010; Rector et al. Electronic supplementary material The online version of this article (doi:10.1007/s00300-015-1687-y) contains supplementary material, which is available to authorized users.
2012; Angelier et al. 2013) . These hormonal changes have often been reported to coincide with changes in body mass (O'Dwyer et al. 2006; Groscolas et al. 2008 ; reviewed in Bokony et al. 2009 ). Furthermore, fluctuations in many hormones appear to mediate changes in immune activity (Sapolsky 1992; Skwarło-Sońta 1992; Olsen and Kovacs 1996; Råberg et al. 1998; Roberts et al. 2004; Martin et al. 2008) .
In this study, we investigated the seasonal dynamics of some physiological variables and their mutual relationships in a small (140-180 g) seabird, the little auk (Alle alle) (Fig. 1) , which nests in rock crevices on mountain slopes in the severe Arctic environment. The species is believed to have the highest mass-specific metabolic rate of all seabirds (Gabrielsen et al. 1991; Konarzewski et al. 1993) . To satiate such high energy demands during the breeding season, these birds need to forage on specific, energy-rich prey which they obtain at distant foraging grounds (median 30-60 km, but sometimes up to 150 km from the breeding colony; Jakubas et al. 2012 Jakubas et al. , 2013 . Such reproductive demands are expected to affect the birds' body condition. Both parents share to an equal extent the 28-day incubation (Wojczulanis- Jakubas et al. 2009a) , brood the chick (for the first few days after hatching) and deliver food to it with similar frequency (Harding et al. 2004; WojczulanisJakubas et al. 2012 ). Only at the end of the chick rearing period (ca 26 d, Wojczulanis-Jakubas and Jakubas 2012) does the female desert the brood, while the male continues feeding and escorts the fledgling during its first flight to sea. It has been hypothesised that female brood desertion is related to her deteriorating body condition (Harding et al. 2004) . But how that could be the case, given the equal male and female contribution to parental care up to the moment of desertion, is unclear. It is possible that the costs of specific parental activities are different for males and females owing to the basic anatomical, physiological and behavioural differences between the sexes (e.g. Elliot et al. 2010) . Although this issue has already been addressed, a limited range of physiological variables, never covering the whole breeding season, were examined (Jakubas et al. 2008; WojczulanisJakubas and Jakubas 2012) .
For this, we used the following physiological variables: body mass corrected for body size (BMI), baseline concentration of corticosterone (CORT) and prolactin (PRL) and leucocyte profile. Body mass, if appropriately corrected for body size, is a valuable and commonly used estimate of body condition (e.g. Moe et al. 2002; Lormée et al. 2003; Rector et al. 2012; Elliott et al. 2014 ). The body mass of an individual bird has been reported to change in response to its increased efforts, including those associated with reproduction (e.g. Kitaysky et al. 1999; Norte et al. 2009; Harding et al. 2011) . The two hormones focused on here have been widely investigated in the context of the reproductive performance. A moderate elevation of baseline CORT can help fuel sustained challenging activities such as chick brooding and provisioning (Landys et al. 2006 ). However, when CORT level reaches a threshold, it acts to shift energy away from reproduction towards survival . PRL is elevated during the period of parental care (Buntin 1996) , and this is well reflected in differences in the level of circulating PRL in species of birds performing various parental behaviours (Van Roo et al. 2003; Boos et al. 2007; . The secretion of PRL may be regulated through internal mechanisms or through tactile stimuli (Goldsmith 1991) . Correspondingly, the level may be elevated during the whole period of parental care (e.g. Vleck et al. 2000) or may drop abruptly soon after the interruption of incubation and/or brooding (Opel and Proudman 1988; Richard-Yris et al. 1998) . Hence, monitoring hormone concentrations throughout the breeding season enables one to establish the extent of the birds' involvement in parental duties. As the secretion of both hormones has been found to affect the immune system (Yu-Lee 2002; Roberts et al. 2007) , we also examined the leucocyte profile, which provides a convenient measure of integrated immune function. In particular, the ratio of the two most common leucocytes in birds [heterophils to lymphocytes (H/L)] is often used as an avian stress indicator. H/L ratio rises during challenging situations, and it is positively correlated with the baseline CORT level (reviewed in Davis et al. 2008) .
By studying physiological variables in the little auk, we aimed to characterise a general pattern of changes throughout the breeding season in this species. In addition, we discuss the pattern observed in the context of the species-specific traits of its breeding biology. Specifically, we expected the highest (BMI) or lowest values (CORT, H/L) of the variables, indicative of the greatest investments, during the chick rearing period, when the parents need to perform frequent foraging trips to provision the rapidly developing chick (see also Elliott et al. 2014) . Then, we expected moderate ranges of the variables during the incubation period, when the main parental activity is warming the egg. Finally, we expected the lowest (CORT, H/L) or highest (BMI) values of the variables, indicating the lowest energy expenditures, during the prelaying period, when the breeding birds are not yet burdened with any parental duties. PRL was only examined during the incubation and chick rearing periods, and we expected its level to be higher during the incubation period. With respect to sex differences, in the light of the hypothesis presented above, we expected females to have a lower BMI, and higher CORT, PRL and H/L levels than males, particularly during the chick rearing period. Finally, having measured several variables simultaneously, we investigated their mutual relationships in order to acquire insight into the potential influence of the variables on each other.
Materials and methods

Study area and field work
We carried out the study in the large little auk breeding colony on the Ariekammen slopes in Hornsund (SW Spitsbergen; 77°00 0 N, 15°33 0 E). We captured the birds three times during the breeding season, i.e. during the prelaying, incubation and chick rearing periods, using noose carpets deployed over the colony area, or by hand, directly in the nest while the birds were incubating. We captured birds over 4-5 days during each breeding period. The timing of capturing lay within 9-18 day prior to egg laying from day 2 to 17 of the incubation period and from day 11 to 20 of the chick rearing period. We established the birds' phenology based on the exact egg laying dates of the incubating birds and the median egg laying and hatching dates in the colony for the birds captured in the prelaying and chick rearing periods. To establish the median dates, we monitored 112 and 169 nests daily prior egg laying and hatching, respectively. The precise synchrony of egg laying (within 5 days) and hatching (80 % of nests hatched within 7 days) in the monitored nests allowed us to assume a similar stage of breeding for all the individuals captured during the non-incubation periods.
We took only breeding adults into consideration. To establish the breeding status of individuals captured during the prelaying period, we marked the birds with a unique colour sign on the breast feathers and observed them for a few consecutive days during the prelaying period (also for the purposes of another study, Wojczulanis-Jakubas et al. 2014a) . Birds copulating regularly were considered to be breeders. The breeding status of incubating birds was selfevident, while gular pouches full of food in the birds captured during the chick rearing period indicated chick provisioning.
From every captured bird, we collected a blood sample from its brachial vein in a 200-lL heparinised capillary. Since the stress associated with the handling procedure is known to affect the baseline level of hormones, we collected the samples within 3 min of capture, as recommended in the literature (Romero and Reed 2005) . To avoid repeat sampling of the same individual (and hence the problem of pseudoreplication), we individually ringed the sampled birds. The collected blood was kept cool in the field (?4°C) for 2-3 h until division of the sample for doing blood smears, hormonal analyses (from plasma) and molecular sexing (from red blood cells). The blood samples were gently stirred to combine fractions that could have separated before the smear was made with ca 5 lL of the blood and the rest of the sample centrifuged for 10 min at 20009g. The plasma and red blood cells were separately kept frozen (at -20°C) and analysed within 4 months. We also weighed (with an electronic balance accurate to 0.1 g) and measured (overall head-bill length, from the most distant point of the occipital to the tip of the upper mandible, with a calliper accurate to 0.01 mm) each bird sampled.
In total, we sampled 191 birds, including 36 males and 38 females during the prelaying period, 28 males and 28 females during incubation, and 34 males and 27 females during the chick rearing period. However, the amount of the blood collected from some birds was not sufficient to perform all the analyses, and the quality of some smears was not good enough to reliably assess the leucocyte profile. Therefore, certain variables relating to the sample sizes given in the results section vary slightly. Also, the PRL concentration was measured only during the incubation and chick rearing periods, as this is the hormone associated exclusively with parental care (Buntin 1996) .
We released all the birds or returned them directly to the nest unharmed after the whole procedure. The fieldwork was carried out by kind permission of the Norwegian Animal Research Committee and the Governor of Svalbard.
Laboratory work
We measured baseline concentrations of total (free and bound) CORT and PRL at the Centre dEtudes Biologiques de Chizé, France. We measured the total (free and bound) plasma CORT by radioimmunoassay following the procedure described in detail by Lormée et al. (2003) and plasma Polar Biol (2015 ) 38:1203 -1212 1205 PRL by a heterologous radioimmunoassay (RIA) as described in Cherel et al. (1994) . We ran all the samples in one assay for both hormones. To measure intra-assay variation, we included four different samples ten times in both hormone assays. The intra-assay variation for total CORT and PRL levels was within the 5-12 % range. The method for both hormones was previously validated in the little auk and described in detail in Wojczulanis- Jakubas et al. (2013) . We stained the blood smears using the May-Grüne-wald-Giemsa method (Lillie 1977) with the Wescor ''Aerospray Hematology'' stainer. We examined blood cells by 400-10009 microscopy. We assessed the proportion of different types of leucocytes (heterophils, lymphocytes, basophils, eosinophils and monocytes) based on the examination of 100 leucocytes under an oil immersion. Because the numbers of monocytes, eosinophils and basophils were low (S1), we disregarded these leucocytes in subsequent analyses. Since H/L ratio may not always reflect the overall allocation to the leucocyte production (Lobato et al. 2005) , we also counted the total number of leucocytes per 10,000 erythrocytes in a data subset (20, 14 and 20 females randomly chosen among those sampled during the prelaying (63 %, N = 38), incubation (50 %, N = 28) and chick rearing periods (80 %, N = 25), respectively. Since H/L ratio and the total number of leucocytes corresponded well, we give H/L data here, the data for the total number of leucocytes will be found in the Supplementary material (S2).
We extracted DNA for molecular sexing from the frozen red blood cells using a Blood Mini Kit (A&A Biotechnology, Gdynia, Poland). We performed the CHD genebased analysis with the primer pair F2550 and R2718, according to Griffiths et al. (1998) , using a 50°C annealing temperature for the PCR. The sex differences in the PCR products were clearly visible in UV light, when the fragments were separated on 2 % agarose gel stained with ethidium bromide.
Statistical analyses
A great many methods for correcting body mass for body size have been put forward (e.g. Albrecht et al. 1993; García-Berthou 2001; Schulte-Holstedde et al. 2005; Peig and Green 2009 ). Since there is no agreement about which one performs this correction in the most efficient way, we tested four different methods, all with overall head-bill length as surrogate measure of body size. We used this length as it is considered to be a representative measurement of the little auk's structural size (Jakubas and Wojczulanis 2007) . Firstly, we corrected the body mass with the body condition index (BCI) sensu Albrecht et al. (1993) . We computed it using the formula: BCI = M/L, where M is the body mass and L is the linear body measurement of an individual (Albrecht et al. 1993) . Secondly, we corrected body mass using the residuals of a simple linear regression of body mass and linear body measurements following the recommendations of Schulte-Holstedde et al. (2005) . Thirdly, we performed analysis of covariance (ANCOVA) with the linear body measurement being a covariate (García-Berthou 2001) . Finally, we calculated the scaled mass index proposed by Peig and Green (2009) . All these methods delivered qualitatively similar results in terms of the seasonal changes but differed in efficiency of the body mass to body size correction, which, in turn, affected the sex difference issue. Here, we present the results obtained using the method of Peig and Green (2009) , which efficiently corrected body mass for body size. The results of the analyses performed with the other methods of body mass correction are given in the Supplementary material (S3).
To adjust a bird's body mass (BMI) with the scaled mass index (SMI), we used the following formula (Peig and Green 2009):
where M i is the body mass of an individual i, L i is the linear body measurement of an individual i (overall head-bill length) and b SMA is the scaling exponent estimated from the regression of M and L. We calculated the scaling exponent by dividing the slope of the ordinary linear square regression of lnM and lnL by Pearson's correlation coefficient (LaBarbera 1989; Peig and Green 2009). L o is the arithmetic mean value of the linear measurement. We used the mean value of overall head-bill length for the set of birds examined. We checked the assumptions of normality and homogeneity of variance of all the variables using the ShapiroWilk and Leven tests, respectively. As we did not find any indications that the assumptions had been violated, we used the parametric tests. To examine the changes in the physiological measures of males and females throughout the breeding season, we performed a separate factorial ANOVA for each variable (i.e. SMI, CORT, PRL, H/L), with breeding stage and the sex of birds included as fixed factors. In all models, we included the breeding stage 9 sex interaction and used sums of squares of type III. We used the Newman-Keuls test to further examine significant differences revealed by factorial ANOVA. We presented the values as means and 95 % confidence intervals. We analysed the relationships between each two physiological variables with Pearson's correlation, using data for both sexes and all breeding stages combined. We performed all the analyses in STATISTICA 9.0 (StatSoft Inc. 2010).
Results
The scaled mass index (SMI) varied across the breeding season (ANOVA, F 2,189 = 8.94, P \ 0.001, Fig. 2) . The highest values of SMI were recorded during the incubation period, although this was statistically significant only when this stage was compared with to the chick rearing period (Newman-Keuls tests, for both sexes P \ 0.02, Fig. 2) . Also, the values of SMI were similar during the prelaying and chick rearing periods (Newman-Keuls tests, for both sexes P [ 0.15, Fig. 2 ). Neither sex (F 1,189 = 3.35, P = 0.07, Fig. 2 ) nor the breeding stage 9 sex interaction (ANOVA, F 2,189 = 0.01, P = 0.99) affected SMI significantly.
The baseline CORT concentration differed between breeding stages (ANOVA, F 2,156 = 14.73, P \ 0.001) but not between sexes (F 1,156 = 0.14, P = 0.71). The highest CORT concentration reached its highest level during the prelaying period. A significant difference was found when the prelaying period was compared with the incubation and chick rearing periods (Newman-Keuls tests, P \ 0.001; Fig. 3a) . The breeding stage 9 sex interaction was not significant (ANOVA, F 2,156 = 0.21, P = 0.30). The level of PRL was ca five times higher during the incubation than during the chick rearing period (ANOVA, F 1,69 = 487.07, P \ 0.001), but there were no differences between sexes (F 1, 69 = 2.46, P = 0.12; Fig. 3b ). The breeding stage 9 sex interaction was not significant here either (ANOVA, F 1,69 = 0.59, P = 0.44).
The heterophils-to-lymphocytes (H/L) ratios differed between the breeding stages (ANOVA, F 2,184 = 426.06, P \ 0.001) but not between sexes (F 1,184 = 1.96, P = 0.20). The H/L ratios were the highest during the prelaying period; the values recorded during the incubation and chick rearing periods were significantly lower (Newman-Keuls tests, for all P \ 0.001; Fig. 4) . The breeding stage 9 sex interaction was not significant (ANOVA, F 2,184 = 0.11, P = 0.89). The changes in the H/L ratio were caused by the opposite direction of changes in the relative numbers of heterophils and lymphocytes (Fig. 4) .
SMI was significantly correlated with the CORT (negatively) and PRL (positively) concentrations (Fig. 5 ). In addition, the H/L ratio was significantly and positively correlated with the two hormone concentrations (Fig. 5) . No significant relationships were found between SMI and the H/L ratio, or between the two hormone concentrations (Fig. 5) .
Discussion
As expected for the SMI of the breeding little auks, the values of this index were significantly lower during the chick rearing period, when birds were brooding, and searching for, collecting and delivering the food to their offspring (Harding et al. 2004; , than during the incubation period, when they mainly incubated the egg and spent the remaining time resting and foraging for themselves (Wojczulanis-Jakubas et al. 2009a) . Obviously, the activities during the chick rearing period may be energetically more expensive than during incubation (Reid et al. 2002; Elliott et al. 2014) . Surprisingly, however, the SMIs of chick rearing adults were similar to those measured prior to egg laying. This may suggest that the birds' behaviours during these two breeding periods, though entirely different in nature, are similar in terms of energy expenditures. In fact, the prelaying period is usually neglected in the calculation of breeding expenses, whereas there is a growing body of evidence indicating that energy-and time-consuming behaviours are performed at that time (territory defence and mate guarding in males, egg production in females, Lormée et al. 2003; Williams 2005; Jakubas et al. 2008; Wojczulanis-Jakubas et al. 2009b; 2014a, b) . It is also possible that the changes in little auk body mass were related to fluctuations in the PRL level. We found a significant and positive relationship between SMI and PRL and that is consistent with other studies showing significant relationship between PRL concentration and body mass (e.g. O'Dwyer et al. 2006) . Although these are only correlational studies, they suggest a functional link between PRL and body mass. In fact, PRL has been found to increase food intake in birds (Buntin et al. 1999 ). Thus, a high PRL concentration in incubating little auks could stimulate them to forage intensively. Then, the fivefold drop of PRL level during the chick rearing period, associated with the interruption of incubation and brooding (Opel and Proudman 1988; Richard-Yris et al. 1998) , could trigger body mass loss (Croll et al. 1991; Jones 1998) . It has been hypothesised that such a loss of body mass during the most energetically demanding period of breeding may be programmed to ensure a lower cost of foraging through lowered wing load, which decreases the costs of flight and/or diving (Freed 1981; Norberg 1981 , Elliot et al. 2013 . The dynamics of PRL secretion could be part of such a mechanism. We had expected the CORT concentration to be the highest during the most energetically demanding chick rearing period (Gabrielsen et al. 1991; Konarzewski et al. 1993; Lormée et al. 2003; Love et al. 2004; Landys et al. 2006) , with moderate and low values during the incubation and prelaying periods, respectively. What we found, however, was that the CORT concentration peaked during the prelaying period, declined during incubation and then remained at the incubation level during the chick rearing period. The prelaying CORT peak could be explained by the stressful behaviours displayed at this time, such as aggressive interactions associated with mate and nest-site guarding and copulations (Wojczulanis-Jakubas et al. 2009b , 2014a . As already mentioned, the prelaying period used to be an underestimated period in terms of energy requirements and stress levels (Lormée et al. 2003; Williams 2005; Jakubas et al. 2008; Wojczulanis-Jakubas et al. 2009b; 2014a, b) . The low values of CORT during the most energetically demanding chick rearing period are more difficult to explain. One possibility is that the CORT level at that period might be somehow suppressed, as such a lower level might be adaptive. A chronically elevated level of the hormone might directly affect the birds' survival (Goutte et al. 2010) , so the parents would benefit by a lowered baseline CORT concentration. Even so, such a low CORT level during the chick rearing period was apparently still high enough to guarantee effective chick provisioning under the given foraging conditions. It could also be easily elevated if the trophic situation at the foraging grounds deteriorated Kidawa et al. 2014) . Perhaps, the trend of changes would have been somewhat different if we had measured corticosterone binding globulin, which is considered to be a better estimator of stress level (Love et al. 2004; Breuner et al. 2013) . Also, as this is a single-season study, and given the possibility of CORT levels changing in response to foraging conditions Kidawa et al. 2014) , we are unable to say to what extent the observed pattern of CORT changes in the little auk is universal. Different seasonal patterns of CORT changes across colonies and years have been observed in other seabirds (Buck et al. 2007 ), including closely related common guillemots (Uria aalge) (Kitaysky et al. 2007 ). However, it is possible that a pattern of high CORT levels during the prelaying period with a marked decrease during incubation and chick rearing is typical for cavity-nesting alcids, as similar patterns have been observed in two other burrow-nesting species, the tufted puffin (Fratercula cirrhata) (Williams et al. 2008) and Atlantic puffin (F. arctica) (Rector et al. 2012 ). This may be related to the safety of the burrow, which provides a protection against predators and the aggression of conspecifics. In such conditions, the chick rearing period may be extended, and so the parental birds may be more relaxed.
The PRL level was at its highest value during incubation and then decreased fivefold during the chick rearing phase, which was consistent with our expectations. Secretion of this hormone is believed to be triggered by tactile contact between the eggs and the brood patch in the precocial species (Opel and Proudman 1988; Richard-Yris et al. 1998 ). In the little auk, which raises a semi-precocial chick, similar mechanisms may be related to PRL secretion. One cannot rule out the possibility, however, that PRL levels in the little auk are regulated internally as, due to foraging constraints, the birds may stay away from the nest too long to maintain the hormone concentration at the appropriate level (Vleck et al. 2000) . If so, it could also be a part of the mechanism responsible for the hypothesised programmed loss of body mass (see above).
We expected the pattern of changes in H/L ratio to be similar to the pattern of CORT dynamics, and this is exactly what we found. Owing to the fact that we measured immune variables of the little auk in the parasite-/pathogen-scarce Arctic ecosystem (Bennet et al. 1992) , we can interpret the observed changes in the H/L ratio as being driven by an internal mechanism. Some studies suggest that changes in the H/L ratio are due to glucocorticoid-induced redistribution of cells from the other body compartments to the blood for heterophils and in the opposite direction for lymphocytes (Dhabhar et al. 1994; 1996) . This simultaneous influx of heterophils into the blood and exodus of lymphocytes from the blood cause significant changes in the circulating numbers of these two types of leucocytes. This, in turn, may impose a differential ability to mount an immune response at the time of cell redistribution. Interestingly, we also found a positive relationship between the H/L ratio and PRL. This may be explained in two ways. Firstly, whereas the pituitary is the most important source of PRL in serum, PRL is also produced by leucocytes (Kooijman and Gerlo 2011) . Hence, a greater number of leucocytes could result in an increase in PRL. Indeed, the pattern of H/L changes corresponded to the pattern of changes in the total number of leucocytes (Supplementary material, S2). Secondly, many studies of mammals indicate that PRL may be an important factor directly or indirectly influencing the immune system (Skwarło-Sońta 1992). This issue has been investigated much less in birds, but existing evidence points to immunophysiological similarities between these two groups of vertebrates (Skwarło-Sońta 1992). Clearly, more studies are needed to understand this relationship in avian systems. It has been hypothesised that the little auk female deserts the brood because her body reserves have become depleted. Previous studies with single body condition variables at particular stages of breeding did not support this hypothesis (Jakubas et al. 2008; . Moreover, others studies, not necessarily testing this hypothesis but presenting data on energy expenditure in both sexes ), did not reveal any sex differences. Similarly, the present results, with a wide spectrum of body condition variables examined throughout the breeding season, do not provide evidence to support this hypothesis.
Summing up, we found pronounced changes in all the body condition variables that we monitored in the little auk throughout the breeding season. The observed patterns seem to be only partly linked to the adequate parental efforts. This indicates that there are factors other than parental efforts per se that account for the dynamics of physiological changes. We did not find any sex differences in any physiological variable, which is indicative of very similar male and female parental investments. In this context, the hypothesis that earlier brood abandonment by female is due to body reserves depletion appears to be undermined.
